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b1^ 31 A^%$] A7}*\-% ^ssfl* ^>7l SH*!, # 

7l #^#£r Ti x Ali_ x 0 y (0<x<l, 0<y<l)# 5E^*Rr ^# *}^r B^^^ 

ffr ± ^ afl^tf. o]6\) ^EflSl B^ig JL^-O} ^ g,- i^2l A>-g-^ofl^ 

TMR ti] 7 > ^O.^, 4i*> ^"Sj-^ol ^ ^ ^>7l ^7>1- *fl^%V ^ olcH ( nfl-f 

.£ 2a 
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^V^l^i^" ^ 3- ^flS^^ {Tunnel ing magnetoresistic device and manufacturing 

method thereof} 

s i^ ^efl^ aio x ^ ^#-a- £#*Rr ^>7l^%> #6**1 l^-fl ^p- 

£ 2a ifl*l 2ffe £ ^ v ^°fl 3 Ti x Ali- x 0 y (0<x<l, 0<y<l) &\ ^ i^SHr 
^ TMR all- M-Bfufl ZLSflH^l^. 
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<6> ^.g. Ei^^ 7l7l *J- ^7} *J ^l^wj-^ojl ^ iLCf ^l^l^r ^ 

f^l S^-fr MR ^3 IHM^ 3^*8 ^>7l 7-1 %V ^7> ^ ZL ^12:« 0 V 

<7> 7f7l7-l* 0 V 7>7l oflui7loH o} §fl ^^o] <g ol-g-*V ^7>S-^ ^ 7> 

71 7^ ^7>^1 <^a>^tl ^Bfl-i- £ lofl £Al§|-^cl-. 7m(nl £ Al) ^ofl ^^Hb^l ^ 
-*7l ^ c >7>^# #<*fl l^Fo 1 ^, ^ 2^7>^#ol ^i-^i 

^ ^ 7>7l7-l%V *f| l^-7>^#/El^ #^/*fl 2^7^ %■ ^2:^ 

^°)H ^Fo 1 ^*^ ^Cfl^o] 7>Sl-« 0 HHl 4E1- E-l^^ ^7> ^"Bl-71^ ^#0] ^ >7 1 Ei^ 

^(Magnetic Tunnel Junction) °]Q~5\^ 3H^. ^l^r 3^ *}7] ^ 

2E^ MRAM(Magnetic Random Access Memory) f^*- i^tt^f . 

<8> c^H 711 l 7 ^}^ ^ •£#*Po , ^°fl ^*fl *rs}- .n^sH o]f ji^ ^(pinned 

layer)olsl- ^-s ^ > ^ 2 7j-7H^fe aflojol <qj=Lo} ^%to.S ^ 9X^-^-S- *Kr^ol 

91^ 3£r *i^7\ **|.*H ^^-^ ZL^#2l- 7>^2l ^ wj-^Vol -^H^ 

7>7l7l%Vol ^o> ^-o_ ^^-71- *-E-^. °1 «fl ^>7l7l^- aKMagnetoresi stive Ratio; MR «1)^ 
cf^- -r«H IS. S^^^r. 
<9> A ^ Hl= .^«-^lA^« 
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<10> MRWl7> ZL^#3f 7rTrf^ ^ y o V ^ -8-°l*H "1"^ »0"£| 7l 

^ g *fU8 7>7l^*J- ^7}» afl^ ^ ^Cf. 

<n> MR«l7> ^ i*>* ^sIHtt ^*(pin hole)°l&°.^ S£7> ^Jl 

(2Aroot-meansquare ^<£^! 0 1 -*Mrtb ^Ir^ €-SL7> &tK <#l}^ 

^12:^71 ^*fl ^efl 7l#^- ^^$\ avsj. ^.g. «o v ^^ ^flS£ 

<12> 2)^^ ^S^l^r ^^*>^ 7><S #3^, #^n> A>^, 7}^^ o] -§-«]. 

«o] oirq-. <£3l# 2.3.3.x] (morphology), ^ ^ f-sl 7> 

*b^ 7fl^^ol £o.^ ^1^5] iL^Kr AAA. ^A^A ^^^r A^r 

^tb ^Stb 7fl^^ 7>^cf. ^-S-g- 

°]-%-& 7-i 7^^ 7}*1^ ^"Al^ IL^^r ^-8: AAA. 

<is> ^eflofl^ ^-#3 Ei^ A10 x » ^>-g-^i=f. 7^, Ei^ A>-g- 

lb ^ SUtt ofll- 1-^, Ga 2 0 3( A1N, A10N, TaO x , ZrO x , MgO x ^ #^o] oicf. a^ 7 | 

A, Ga 2 0 3 ^ 7-l^%V^ 7\A^ ^ MRlp^ ^ ^ A$°] <&J1, A1N, A10N 

^ 7-1 u}o]o^ ^oj-o. av^ ( j7 7]^ M-E^-vfl^ ^o] o^cf. TaO x ^r AA A ^A £ 

<3#^ -S-^ltb ^ MR^o] ^.ji, ZrO x ^ ^ ^ 7H^ MR^o] 

MgO x fe t^UK ^ 7i#^* 7>7>1^ aV^, f^o,] tb^l7> 9XA. 
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<14> , £ °l-?-Jl*}<5Kr 7l#^ -^lir ^#*1 ^Hfl 7)^9] ^-Tfl^ 7^}7] 

^JlS^, ^SLQ MR 7}X}±± ^M*)^ i^} ^ ZL 

^ £ *}--§-] 

<15> #71 7l#3 -4« ^*>7l tl^, 

<16> ^-7j-7>^#, Jl^#, £ *MHM ^>7l^*J- ^3&*H* S^SRr Ei^^ *>7l 

7-1^ ^Hl 5U°H, 

<17> a o v 7 ] E-) ^ #^#^r Ti x Ali- x 0 y (0<x<l, 0<y<D* Ei^ 7>7l^^- ^7]-* *fl^- 

<18> £ ^ofl &o^ f #71 ^Tj-*}^^ IrMn# ^^SLS. &v%. 

<19> ^^o)l SX°]*\, ^"71 JH^# ^ 7>-f}-^ NiFe SEir CoFe* 5L^Rr 

<20> ^ofl oloiA-1, 7>7l 7l##ofl <§#^ «J #ofl ^ 

<21> ^tt, ^^H^r ^#7^#, JL^#, Ei^ ^ 7l-^-#^ 7>7l7l^- ^^11- 

<22> # 7 ] Ei^ #^#^r Ti x Al i_ x 0 y (0<x<l , 0<y<l)» ^^^71^ ^-7^1 ;# lfs}b 

E^^ 71-71 7-1 %V ^7>1- afl^tf. 
<23> ^tgofl olo^A-1, A o V 7l 7>7j Z\ ^ ^2i^ ^^^7^ ^ £r , 



21-7 



1^( 



10ZD040003812 2004/2/23 

<24> ( 7 » 71^ #ofl tiV^H^* ^A^lfe ^Tfl; 

<25> (U)-) A o > 7 l ti>7j-*]-^# ^Hl W « 0 >^0l J7^ JH^f-g- ^^Al7]^ ^-Tfl ; 

<26> (cf) a o v 7 ] j7-^^ Ti x Ali_ x 0 y (0<x<l, 0<y<l) ^^lfe- ^1 ; ^ 

<27> (e}> a o v 7 ] Ti x Ali- x 0 y (0<x<l, 0<y<l) E-i & ^"^^ A <H ^"o^l ^s^}^-*)- ^Hr^ 

^ v *Kr 5E.^Hr 3* ^-^^ tbcf. 

<28> M. igj-tgofl olo^ A o V 7] (q.) ^]- f 

<29> a o v 7] ji^f, ^-ofl TixAh-x^x^)^ ^^Itt ^Tfl; ^ 

<30> s£ 7 ] Ti x Ali_ x (0<x<l)^oll tfl*|| AVS}- ^ejofl Ti x Ali- x 0y(0<x<l, 0<y<l) 

<31> M. wV^cHl ^O^i, A <M Ti x Ali- x (0<X<l)^^ ^2]E^ ^ofl ^^Al7l^ ^J-g- 

<32> o]^ ^}^)6\] Of^ Ei^^ 7>7l^^V ^> ^ ;fc«o V ^ %^S}<*| 

<33> £ 2a £ 2f£r ^-^^ ^11 vfl^l ^ 6 ^^^ofl rrf-^ 7}7l*H v ±.x}^ 

§1 t+Ef\H ^^l^f. *H6^HH tt^ E^^ ^>7l^%V JL^^ 

^ *}-fr# ^-°H1 H-i^ Ti x Al!_ x 0 y (0<x<l, 0<y<l)# S^HH ^o] 

<34> 5L 2a^ t^<Hl ^ E| ^ >£#*}^ 0 1 «>^ofl n^s)^ ti> 

U (bottom)^* M-E]-\H ^olcq.. 
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<35> a. a] oflofl E-l^^ ^>7l^*J- 7l^r(olcAl) ^-ofl I r Mn -f-^ 

^Sf^o] J2^S]^r ±L^f^l ^71 ^7H#^ ^-Jfofl ^^^Cf. ZL^i, JL^# ^<Hl 
Ti x Al 1 _ x 0 y (0<x<l, 0<y<l) ^"71 #^#£l ^<H1^ 3. 

t&o] <^«- *}7l# #^M1 ^Sfl #5^Kr *H^°1 ^^rf. <^7l^, ul^f^ 7>-f}-f^ 

CoFe NiFe^ ^ #7}^ #^5. ^€4. 
< 36 > £ 2b^r «V7j-^^o] ^-H-oj] ^-(top) ^-^^1 ^ 3^ 

Ti x Ali- x O y (0<x<l, 0<y<D &m ul^fs ^7p^ol ^^V^o.s. 

<37> £ 2c^ ^°fl 7]-7l 7-1 ^7>^ ^l3^^Hl# M-B+Ml 3^3., 7fl^ 

E^ #^#°1 ^ iStL^ ^ El^ ^ f2f 7>^Cf. ^, £ Til 1 
n ^l2 ^AHH E^^ 7>7l7-HV 4i7}« ^^1, 

^- 7 o 1 -7>^^/7>^#/Ti x Ali- x 0 y (0<x<l, 0<y<l) E-) s. ^-^^/7>^^/Ti x Ali- x O y (0<x<l, 0<y<l) 

El s. ^^#/7H^/^7H^#^l ^7>^ O.S f2t 7Mcf. 

<38> 51 2d ^ -E 2e^ 7>^^/R u /^j^o 1 ^(synthetic structure)7> #<g^ &r 

^ ^ 4 ^ 5 ^Aj^ofl ttj-S- E^^ 7>7l7l%V ^>^- ^^>7ll 
<39> £ 2d* ^2^, ^4^AHH1 4f E^^ 71-71 7-1 ^7}^, Wf^ ^ 3 

7H#/7l-^#/Ru/7H^/Jl^^/Ti x Al 1 - x O y (0<x<l > 0<y<l) s ^f77>-ft-f^ 7>?i 

t}. ZLE|ZL, £ 2el- ^2^}<3 , t^Sl *fl5^HH ^ Ei^% 7>7l^*V i^fe, ^ o) 
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^o v ^#/4^^/Ru/^H^/Jl^#/Ti x Al 1 - x 0 y (0<x<l, 0<y<l) ^^/^}o.&^ ^l^m. 

<40> £ 2 f^ £ *Qr*%2\ ^l6^HH ^ E^^ ^>7l^%V dt*># L^-E^ uf^^olcf . S.^ 

^ jl*}^ ^olofl o}*V ^(pseudo) ^ II ^<?] ^^/Ti x Al 1 _ x 0 y (0<x<l, 0<y<l) E^ v§ 

<41> £ 1^0} ^Al^cil 4=. ^>7l^*j- ^7}^r Ti7> til^-S. Ti x Ali_ x 0 y (0 

<x<l, 0<y<l) ^ §^-§- ^u]f)-o_^M) ^-^*>J1 ^^-o] 3 a. ^1^^>J1 3- 

MRU]* ^ 

<43> Si^ "Qr-gr 7}%^ JL <&7] 7}& tfofl ^Hb^. ^JL, 

*>#*H# ^-Sfofl Jl^^ *fll01#?il). 4>7l JH^#^ Ti Al 

^31* n>^*V t^, ^Ej^ ol-g-sr}^ Ti x Al i- x (0<X<l)f^ #7] Jl^^l f> 

^-Al^lcf(^) 103^^1). ^7j-^f^ irMn^l- ^ Ir^-i: °l-g-*H ^^2] ^ 5fl^ , 
£r NiFe, CoFe ^ ^2lH ^ *>-g-£)*r °l-§-*H ^^2] ^ oicf. 

< 44 > ZL^Jl, J^cQ E ^*y ^^1^ Ti x Ali- x (0<x<l)^ Al E]- 

3H1 ±$ EL7)9) Ti ^ ^ TjJ^l- ^ ^ ^r, Al E^ofl Ti 

^*Hr ^ ^ -»mm*i n 1-^^ a^-a- ^syo^ Ti^ ^ 
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< 45 > cf-g-o.^, Ti x Ali_ x (0<x<l)^r §-<H| ^*fl #°fl ^^^m 3, TiAl^^l tfl 

*fl *M NbAlf^ ^rSj-^^lcf.C^llOS^Tll). ZLiilJI, Ti x Ali- x O y (0<x<l, 0<y<l) % 

* *g^*m ^-^ n ^ofl 7}-3-#^. *fli07#3l). <^7H, A^r%^r -g-^ 

* ^^^1^ *r ^tiV^o.S NiFe, CoFe ^ *\-%-^ . ZLSlJl, 
<*fl* 200°C~500°C^ ^s. ^^HH ^^all- ^^1^.(^1 109^^1). #7ltb 

£ 7KH§s Ti x Ali- x (0<x<l)^, Ji^f^ ^ X\ D>nvilH^ ^3*8 

<46> O^}, £ 2 a°fl l^B^vfl ^ i^o] 7>7l7-l%V ^ ^lS^^l cfl Sfl ^ 

£ ^ #3 ^ S7i^ -g^l^Ml ^ <&A. 

<47> Ti x Ali_ x O y (0<x<l, 0<y<l) ^#-8: 7>7) E| ^^(MTJs) 4 7j 

(gun) RFC Radio Frequency) H-^-MlH-g: ^^Ei# o]^-^>c^ ^]^\o^ 7}^^^.^ ^l#o] 
200nm ^sKHSiC^H ^ S^^l Si(100) 3H3|« Af-g-*}^ o.^ , ^7} 

^5.^ 5>10- 7 Torr *>^i=r . 

<48> ^^Aj^l^ X\^9] ^rif ^-^1^0.5. #3^^, Si0 2 

/Ta ( 5nm ) /CoFe ( 17nm ) / 1 r Mn ( 7 . 5nm ) /CoFe (5nm)/Ti x Al i_ x 0 y ( 0<x<l , 0<y<l ) /CoFe ( 5nm ) /Ta ( 5nm ) 
^-cf. o$ 7 )*\ t Ti ^ ^>i4^ 2,^0] o.69% ^7>§>^ ^341- ^o.^, 27fl^ Ti ^ 

* A HI ^MM?! ^4- 1.4%, 107fl^ ^ -^-^-AlfJ 7^ *J= 9 %o] Ti ^ ^ 
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<49> Ti x Ali_ x 0 y (0<x<l, 0<y<l) ^#^1 JH«fl , 0.5 ~ 1.8nm nMIS. 

Ti x Al 1 - x (0<x<l)## JL^% ^cH 4s ^3 3 *fl^ ifljjLofl aV^ 7 >^# 

zlsIji, Al^o^ <g^e]-i- 3>10 -6 Torr ^>1*>^ «g-^SHH ^^*>5!^-^, ^ 10-gr?l 250°C^ ^ 
SS-I^Ell- Ti x Ali_ x O y (0<x<l, 0<y<l) ^^St^. 

<so> £. 4a ^ £ 4b^ nelJi I^b] ^ ^* ^^l^l^ 

<5i> 51 4a» % 1 -S*>^ ) Ti S^-gr ^ Al#^l tflSfl 27fl ifl*l 127^ ^# -f^M^ 

M-eWH, ^ 1.4% 8%7>^1 ^sj-^cf. <g^B| ^?Hl^r 18% Lfl^l 

35% Al-ojo^ TMR &o] ^ ^ 5^. °H cfl^fl ^ 300°C°1H 10^: # ^^^11- 
4b« TMR til7> 28% t-U*1 47%^1 nfl-f ^ TMR til* ^-Bj-vJH , 

<52> £ 5a ^ £ 5b<>lHTr <1^B| *>7l ^ 2i^o\] rcf^ ^ ^ 

M-Ef-fl ol^*V ^eflo] E ^*y ^^Hl *l*n *ti^ ^ ^b}- 

^ <g ^ SX^-. Ay] ^ -§-§-*l ^1 ^ ^ ^ 

<53> AV 7l *V A^ofl^ ^ A>-S 0 lol ^3 0.5. ^T-flsH ^O.^-, ZL#^ 

^ ^H^Htf, «1-^3]*1 ^Aj^o^ ^AlS-Ai *H^S)<Ho> ^-q-. d\)^- ^o] , -S. i£tg ofl o] 

^1 *V?1 ^ ^7>^ WflB]^^. A>-§-^ S.^ tgEflO} ^y] 7n>^H]Ai Ti x Ali- x 0 y 

(0<x<l, 0<y<l)» oi^u]- ^^ 7 >^§>cf. nfl^-ofl ^. A^t^^ Aj 



21-12 



102D040003812 #^ H*}: 2004/2/23 

Al^ofl ^}<*) ^ ^O] ^1 JL^^y^ofl 71 7fl ^ 7l#^ Apj-ofl o^fl ;g ^ 7^ 0> 

igj-xgofl Sl*>^, ^efl«l Ei^^ 7>7l Cf^- 1-^^- E^ 

^, ^> ^lS^ jt^-o] <i^E| ^ SE^ -g-g-^151 Al-g-^cHlA-1 TMR til7> ^ 

-S °Hj£)>H -fr^l^M, ^} ^Hlo] ^%V^ol ufl-f *\ 7 ] i7}f ^ flo] , ufl 
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[3^* 1] 

>£#*M3#, £i\t^ ^ ^ ^>7l^*j- ^2^11- E|^ 7} 

#7] ^^^r Ti x Ali- x 0 y (0<x<l, 0<y<l)-t- 5L^Kr -Ij-^JLS *}±= 

^>7l^*J- 4i7}. 

2] 

*11 1 5^*1, 
3] 

*fl 1 %H1 SWi, 

#7l ^ NiFe SE^r CoFe* i^Kr f^lS 7>7l 

4] 

7l^ofl v}*]^ ^ #<H| 3 ^>7l7-l%V ± 
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[3 ^ 5] 

##t4^#, E^ ^# ^ 7V-fH§^ ^>7l^*J- S^Rr E^^ *} 

71 Xls 

A oM ^^.g- Ti x Ali- x 0 y (0<x<l, 0<y<l)# 3£^>^ #31;* S.^} 

6] 

( 7» 7)^; 3^*1^ #31; 

A o v 7l «>^H^ ^-ojl ^ « 0 v^ol ji^^ JL^^-g: ^^^1^1^ #31; 
( ^) #7l Jl^# #<*fl Ti x Ali_ x 0 y (0<x<l, 0<y<l) #31; ^ 

(21-) ^"71 Ti x Ali- x 0 y (0<x<l, 0<y<l) e^^ ^o\] x\tH.^o] ^7}±5-i& 

% f^*Rr #31;!- i#*Hr ^ E^ig 7.>7l7-l* 0 V ^*>S] ^ ^ . 

XI 6%H1 floH, 

#7l >s-ofl Ti x Ai 1 _ x (0<x<D#* #31; ^ 

#71 Ti x Ah- x (0<x<l)^l tflsfl a>$- ^Hlofl *l*fl Ti x Ali_ x O y (0<x<l, 0<y<l) E}^ 

* ^^^171^ #7)1;* i#*Kr ^* E^^ *}7]*I^ ^>ol ^ « 0 >^. 
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8] 

-8-71 Ti x Ali- x (0<x<l)f^8: ^ofl o^fl ^^Al^lfe 4^io_jiL *>fe- 3^*8 
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[51 11 

AlOx S"^ # 



[JE 2a] 

TiAlOx 



[51 2b] 

TiAIOxS"^# 



[£ 2c] 

TiAlOx S-^ # 
TiAlOx S-^ # 
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IS. 2d] 

TiAlOx 



Ru 



[5L 2e] 



Ru 



2Sf 



TiAlOx # 



[5L 2f] 

TiAlOx 
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IS. 3] 
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4b] 

Ta 5/CoFe 17/lrMn 7.5/CoFe 3/TiAI 1 .6/Oxidation/CoFe 3/Ta 5(nm) 
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5b] 

Ta 5/CoFe 17/lrMn 7.5/CoFe 3/TiAI 1 .6/Oxidation/CoFe 3/Ta 5(nm) 
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